In the Netherlands the leaching of heavy metals from metal building and constructing materials results in serious contamination problems in the water system. The most common sources of these heavy metals in construction materials are copper waterworks and roofs, zinc roofs, gutters and rain pipes, zinced steel, stainless steel, and lead sealing material. In urban waters the surface water and sediment standards are often exceeded. Although building and construction materials are certainly not the only source of heavy metals, they are an important part of the problem. This article focuses on six instruments that are in use in the Netherlands to try to reduce impact on the surface waters. In addition to this, national as well as international, a reconsideration of the risks and surface water standards for several heavy metals is considered. A balanced use of instruments can be considered as the application of a best practice.
Introduction
Like in many industrialised countries, in the 1960s the Netherlands became aware of the serious pollution problems of the surface waters. The Dutch Pollution of Surface Waters Act was introduced in 1970 and from that moment on the many industrial as well as the municipal wastewater discharges came under control. Sewer systems were expanded and almost 600 municipal wastewater treatment plants are now in use. The percentage of discharges from houses not connected to a sewer system is less than 2%. Industrial wastewater discharge is enormously reduced and the rest of the emissions are treated according to best available techniques. Since 1970 the water quality has improved considerably. But in the 1990s it became clear that the water quality was not going to meet the water quality standards. The improvement of the water quality gradually decreased or even stopped. Diffuse pollution causes too much negative impact to meet the standards. For instance, from water quality measurements it was clear that for some heavy metals it is a persistent problem to reach the water quality standards. Metal construction materials are identified as important diffuse sources. The most common leaching construction materials are copper waterworks and roofs, zinc roofs, gutters and rain pipes, zinced steel, stainless steel, and lead sealing material. Although leaching from construction materials is a widespead problem there was not sufficient support for general regulation of this environmental problem. This was due to: the difficulty in making Dutch regulations within the scope of the open market policy of the European Union, denying the size of the problems (by manufacturers, project developers, architects) etc. To discourage the use of these leaching materials locally, some water authorities started to use permits based on the Pollution of Surface Waters Act (by not allowing the use of avoidable metal building materials). This strategy led to many discussions and conflicts with project developers, architects, producers and suppliers, contractors and even municipal authorities. Therefore it is necessary to develop a best practice about how to deal with this problem. et al., 2004b) and from the Dutch parts of the reports according to article 5 of the Water Framework Directive (WFD) it is clear that the quality of surface waters in the Netherlands is negatively influenced by some discharges of heavy metals, i.e. copper and zinc. There are different sources, mostly diffuse in character, like traffic emissions (road, rail, ship), industrial discharges, discharges of effluent of municipal wastewater treatment plants (WWTP), leaching from (metal) construction materials and leaching from (agricultural) soils. Also atmospheric deposition and the influx from other countries, via the major rivers of the Netherlands, contribute considerably to the total heavy metal load of the surface waters. It is most probable that the initial sources of the upstream flux from other countries are the same as in the Netherlands. It is clear that on a national scale leaching from soils and atmospheric deposition are the most important sources for most of the metals. Nevertheless on a smaller scale it is also clear that in urban waters the main source is often the leaching of metal construction materials. The emissions from metal construction materials to surface waters are presented in Table 1 .
From Table 1 it is clear that on a national scale the inland emissions from metal construction materials to surface waters and sewerage systems range from 25% to 65% depending on the metal. If soil leaching and atmospheric deposition are included, these percentages are lower.
Due to adsorption on the sludge in a WWTP the emissions of heavy metals are reduced. By disconnecting rain water from the sewerage systems this effect of reduction will be missing for construction materials used on the outside of houses and other buildings. The average factor of reduction in the municipal treatment plants in the Netherlands is given in Table 2 .
From Table 2 it appears that the load of metals from construction metals that reaches the surface water is still considerable.
Best practice/instruments
A best practice has not yet been given. In order to develop a best practice for the Netherlands a few instruments are presented, which could be included in the best practice. We give our view on some advantages and disadvantages of the instruments, from quite good enforceable to hardly enforceable. We think that the implementation of a best practice will contribute to reaching the aims of the Water Framework Directive. Based on the Pollution of Surface Waters Act a permit is needed for discharging polluted water to surface water. With this instrument the water authorities have successfully tackled most of the industrial point source discharges. European jurisprudence indicates that a permit is also applicable to most of the diffuse discharges, such as the use of creosote treated timber in banks of canals and ditches. So, if construction metals are going to be used on the outside of buildings and constructions and will be in contact with (rain) water, this will give discharges of polluted (rain) water. Subsequently a permit is needed to discharge the wastewater. In the considerations of the permit the water authority will discuss the necessity of the use of those materials in relation to alternatives like other materials and constructions. In these considerations the costs to minimize the environmental effects are also taken into account. This instrument was applied in the Netherlands in a few cases concerning constructions with large surfaces of zinc or copper. It resulted in changing the choice of the constructor into materials without zinc and copper. The main advantage of this instrument is that the water authority has a direct control, but there are many disadvantages. The great number of building initiatives will lead to a high administrative burden and therefore high costs. Only objects with a discharge direct to the surface water can be tackled this way and all already existing objects are excluded from regulation unless it becomes retrespective.
To avoid the disadvantages this instrument seems in practice only usable for a small number of new buildings with big zinc or copper surfaces (roofs, facades).
Water Act permit to connect sewer system to treatment plant
The water authority, also owner of the WWTP, can regulate the quality of the influent on the WWTP to a certain degree with a so-called "permit to connect" based on the Water Board Law and according to the principles of the Pollution of Surface Waters Act. This permit is applied on the point where the sewer system is connected to the WWTP. In practice, the water authority demands from the owner of the sewer system, the municipal authority, a program to reduce certain loads of pollution. But the influent itself cannot be refused. In theory the municipal authority has several possibilities to improve the collected wastewater quality, mainly based on the Environmental Protection Act. But municipal demands on diffuse pollution are not common policy yet. This results in discussions and conflicts between water authorities and municipal authorities and will hardly increase the willingness of municipal authorities to influence the existing sources of copper and zinc. Only one or two water boards are investigating the instrument, not only for copper and zinc but also to reduce the pesticide and herbicide use of the municipal government on pavements.
The advantage of the instrument is the possibility of direct control of the quality of the influent (from all objects connected to the sewer system) by the water authority. But disadvantages prevail so far. Water authorities are depending on municipal authorities as owner of the sewer system (and the receiver of the connecting permit) to pass on the demands to the actual discharging companies and households (i.e. by using the Environmental Protection Act). The overall practice is that the instrument has not been used so for and the chance of conflicts delays further development.
Disconnecting rainwater from sewer system under restrictions
Quite recently in the Netherlands the tendency is developing to disconnect rainwater from the sewer system. The climate change and the long-term benefits of separate sewerage systems for rainwater and other wastewater are the reasons to have a policy "disconnect, unless … .". The involved authorities are the water boards (owner of the WWTP) and municipal authority (owner of the sewer system). The targets of disconnecting are: first, less dilution with relatively clean waste water at the treatment plant, leading to a better performance, less costs for water boards and less WWTP overflow; and secondly, less pollution of surface water by sewer overflow, better performance of the sewer system, smaller design and fewer costs for municipal authorities.
So disconnecting is profitable for both the sewer system and the WWTP. However, profits will only occur in the long term because of the long investment periods for the sewer system as well as the WWTP. There will also be an imbalance in the profits because the municipal authority is responsible for the costs of disconnecting.
The disconnected rainwater is infiltrated to the soil or goes straight to the surface water. The disconnected rainwater should be clean enough to be received by the environment (soil or surface water). This is often not the case for rainwater that has taken up a load of metals from leaching construction materials. So in these cases the water authority should demand a reduction of the metal load of disconnected rainwater, for instance by using a soil filtration or helophyte filter (to adsorb the contaminations). Those filtration techniques are working very well but have maintenance times of decades of years. This will lead to higher costs of disconnecting for the municipal authority or even a refusal to disconnect the rainwater from metal surfaces. To overcome the financial imbalance the water authority can subsidize the disconnecting by municipal authorities under the guarantee of sufficient clean disconnected water. In practice this is not enough to accelerate the slow development of disconnecting in the Netherlands.
New regulations (by law) are going to deal with this problem by making it possible for the municipal authority to collect a levy to counter the costs.
The overall practice in the Netherlands is: disconnection of rainwater from the sewer system is mainly introduced in new developed areas in the form of separate systems for wastewater and rainwater.
Program of demands for building and constructing
Regional or local regulation by Construction Order is based on the Construction Act: municipal authorities can give the conditions for constructing in a program of demands.
Such a program of demands is aimed at architects, constructors, builders and contractors. The demands could encounter measures for avoiding the use of materials and constructions leading to contaminated rainwater. Often these demands will lead to the use of alternative materials or an adapted design of the object.
In practice only a few municipal authorities (like Delft city) use this instrument, mainly because many municipal authorities are insufficiently convinced of the problem or because of pressure from project developers and industry. Also a juridical discussion is going on as to whether environmental demands can be made in the Construction Order.
Another problem is that it is not clear yet whether or not restrictions in the use of materials are in conflict with European regulation.
The overall practice in the Netherlands is that only a few municipal authorities are using a Construction Order to regulate the environmental issues of building materials.
Agreement with the industry on product development
The authorities involved are the Ministry of Housing, Spatial Planning and the Environment and the Ministry of Transport, Public Works and Water Management. The instrument used is an agreement (a letter of intent in 1999) between the central government and the industry. The target of the agreement is a reduction of leaching from copper, lead and zinc construction metals by product innovation by the industry within 10 years. The result is a innovation program of the industry with the aim of 50 -100% reduction of the leaching of Zn, Pb and Cu from zinc and zinced metals used for roofs and gutters, lead used to prevent leakage and copper water works. The practice so far (after about 5 years) is that a black coating for zinc gutters is developed, with a guarantee of 10-15 years, but so far this product has only found its way to the professional market. A transparent coating for zinc roofs is still under development. A copper drinking water pipe with a tin lining has been developed (not in the Netherlands, but in Germany). And new instructions on how to use lead as constructing material far designed to reduce the surface of contact with rainwater.
The overall practice so far is that innovated products are not generally in use yet. An important question is if the innovated products can replace the present materials in a free market.
Voluntary sustainable building and constructing program
The authorities involved with this instrument are the Ministry of Housing, Spatial Planning and the Environment for the overall policy in the Netherlands and the provincial and municipal governments to support the implementation of sustainability in practice. The instrument is formed by sustainable building and constructing programs to be implemented by project developers. The main actors involved with the actual implementation are developers, architects, builders, constructors, but also the owners and users of houses and buildings. There is no specific demand: the actors involved can choose from a list of voluntary elements of sustainability. The only demand is that they should agree about the choice. The result is that the actors mainly choose for saving energy and reduction of water use. There is hardly any interest in prevention of leaching from metal construction materials. In practice discussions are mainly about who is going to pay for the extra costs of environmental measures. The result is not more than 10 -20% sustainable building in the Netherlands.
The practice leads to a discussion in the Netherlands on if and how sustainable programs should be obligatory.
Changing the water quality standards
A special instrument next to the others mentioned before would be changing the water quality standards. The authority responsible for the water quality standards, if not prescribed by the European Union, is the Ministry of Housing, Spatial Planning and the Environment. The idea is to better include bioavailability in the standards or risk assessments, which might lead to higher acceptable concentrations in surface water. This has a potential of at least a factor of 2-3 and will mean that problems of exceeding the quality standards are not occurring anymore.
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At the moment changing standards is still under discussion in the Netherlands and Europe.
International dimension
An interesting question is if the problems of water contamination due to leaching of metal building and construction materials and the difficulties dealing with these problems are typical Dutch or are occurring on a much larger scale. A few aspects seem to be typically Dutch: † the receiving water system in the lower part of the Netherlands (the polders); † the division of responsibilities over central, provincial, municipal and water authorities; † the present Dutch quality standards for copper, lead and zinc. On the other hand some aspects are European or even worldwide. The use of zinc, copper and lead as building and construction materials exists on a very wide scale in the western world and therefore the load of these metals to the environment and surface water by leaching will also be considerable and exist on a wide scale, especially in densely populated areas. Cities like Berlin, Brussels, Paris, London, Prague, New York, Tokyo and Bangkok will probably have similar loads of heavy metals leaching to surface waters. Financially less fortunate countries may have the advantage that the relatively expensive construction metals will be less used (but is this true?).
The different copper and zinc standards in use by different countries sharing the same river catchment's areas, at least within the EU, are forming another international dimension. Are the differences acceptable? How will harmonisation of standards affect the problem?
There is no specific product policy on leaching products and materials like copper, zinc and lead in the EU. Restrictions on applications do not exist so far. But there is a general directive: the Construction Products Directive (89/106/EEC). Presently this directive is developing: for 500 products it has been established which information must be given to the user. The question is if information on leaching will be included in the future. Integrated product policy forms another possibility in the EU. But no examples of this concept for leaching metal products have been presented so far.
Conclusions
In a great number of surface water bodies in the Netherlands we have problems meeting the quality standards. This problem is also (but not solely) caused by leaching of metal building and constructing materials. It is probable that this problem exists on a EU or even worldwide scale. Several instruments are available in the Netherlands to reduce the problem of bringing contaminated water to the surface waters or sewerage systems. Some of these instruments can be very effective. But most of these instruments are hardly ever efficient. A best practice has to be developed to support the approach and to stimulate the necessary measurements.
Regulation on EU scale could considerable improve the efficiency of dealing with the problems. More specifically, a EU product policy should be developed for leaching metal building and constructing materials or for all leaching building and construction materials.
Questions still to be answered are: do we know enough (scientifically) about the problem? Is the problem widely known and accepted? Can we achieve uniform standards for copper, lead and zinc in the EU? Can we convince the right EU department(s)? Will environment resist the industrial lobby?
